INTRODUCTION
The increasing demand of high data rates internet access has motivated the growth in mobile systems signal bandwidth as wei!. The complex signal modulation scheme in new mobile standards such as the WCDMA, the L TE and the L TE-A provides high signal bandwidth but at the same time requires a carrier signal with high peak-to-average power ratio (P APR). The rapid change in the signal magnitude due to high P APR causes the RF power amplifier (RFPA) to operate in power back-off (PBO) mode in order to maintain its linearity. At PBO however, the efficiency of the RFPA is low.
There are a number of efficiency enhancement techniques available in the literature. Among many, envelope tracking (ET) technique has emerged as a comeback technique and has caught attention of many researchers recently [1] [2] . The technique employs a linear RFPA where its supply voltage tracks the input RF signal envelope. The supply voltage tracking has caused the reduction in the DC power dissipation and therefore improve the efficiency as compared to the fixed drain supply of the RFP A as illustrated in Fig.l (assuming a FET based RFPA). Unlike another efficiency enhancement technique known as envelope elimination and restoration, (EER) that also requires a tracking generator, the ET system is inherently broadband. Moreover, operation of ET does not require precise knowledge of the signal envelope. The ET tracking generator needs only to track the general trend of the input RF signal envelope and it still gives a significant efficiency improvement.
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IT. AET TECHNIQUE
Auxiliary envelope tracking (AET) is a derivative of the ET technique. Its efficiency enhancement mechanism has been well explained in [3] . The main difference between the conventional ET and AET lies at the tracking generator building block. As illustrated in Fig. I , the modulated drain supply or drain bias voltage contains AC and DC voltage component. In AET as shown in Fig. 2a , these two components are generated separately using two DC power supplies (one regular and one small) while in ET as shown in Fig. 2b , both components of the drain supply are generated by a single DC power supply. The principle improvement of AET technique is primarily in the smaller DC power supplies used compare to a single large DC source in conventional ET, this leads to a substantial improvement in overall system efficiency.
Ill. WCDMA SIGNAL SIMULATION ON 25W GAN CLASS ABRFPA.
As mentioned in the literature [4] [5] , the design of the tracking generator also known as envelope amplifier (EA) is very important because its efficiency has a great impact to the overall efficiency of the ET RFPA system. Such impact has been mathematically analyzed between the ET and the AET systems in [3] . The result of the analysis showed that the AET tracking generator has lower impact to the overall RFP A system as compared to conventional ET tracking generator. The result of the study is shown in Fig. 3 . Tn this paper, the efficiency effect of the tracking generator towards the overall RFP A system efficiency is further investigated by simulating a WCDMA signal using measured data from a 25W GaN Class AB RFPA [3] . The WCDMA signal used in this simulation has 6.06dB PAPR.
AET Tracking Generator
From the mathematical analysis presented in [3] , in general, the overall system efficiency is given by (I),
. (1) Please refer all the variables and terms in [3] .
Nevertheless, the overall system efficiency for the conventional ET and the AET cases can also be calculated using (2) and (3) P Total TJAET = -P --X TJRFPA peak AET .
From (2) and (3), the peak drain efficiency of an RFP A is required in order to simulate the overall system efficiency.
Therefore, the input power, output power, drain DC voltage and drain DC current of the 25W GaN Class AB RFP A were measured at its designed frequency of 1.98GHz and its designed gate bias voltage of -2.97V that gave quiescent drain current of 300mA (5% of saturation drain current saturation drain current).
The relationship of the drain efficiency versus output power is then plotted in Fig. 4 based on the output power, the drain DC voltage and the drain DC current measurements. The peak drain efficiency is 72%.
The second correlation that is needed for WCDMA signal simulation is between the drain DC current and the input power. This is required to model the drain DC current when the input signal is a WCDMA signal. From the measurement performed in this study, the correlation is plotted in Fig. 5 . The Microsoft Excel trend line tool was employed in the analysis and the correlation between the drain DC current and input power is given by (4), . (4) The correlation between the input power and output power is also plotted and shown in Fig. 6 . Such correlation analysis is required to model the output power when the input signal is a WCDMA signal. From the trend line derivation, the correlation between the input power and output power is given by (5), 
. 2 _I-------------------� I

-,-------------------� 45
.... .. All three relationships derived from the RFP A measurement is used to simulate the WCDMA signal simulation for ET and AET systems. In the WCDMA simulation, the WCDMA envelope signal is calculated from the WCDMA in-phase and quadrature signal equation as shown in (6). The envelope signal is required to model the drain bias voltage to the RFP A.
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. (6) The input power of the WCDMA signal is then calculated with an assumption that the impedance has been normalized to 1, as shown in (7). (2) and (3) is given by (8), (2) is given by (9), (3) is given by (10),
where PDe is given by (11) and VDe and IDe is given by (12)
SIMULATION RESULTS AND DISCUSSIONS .
. (8) . (9) , (10) (11 )
. (12) From the plots and the derived equations presented in the previous section, the simulated drain DC current and simulated WCDMA envelope signal for corresponding WCDMA input signal is then plotted in Fig. 7 . Note that the total sample count in Fig. 7 is 2000 while the actual number of samples used is 5123. From Fig. 7 , it is also observed that the envelope signal is very small to be used as drain bias voltage for the RFP A. It is because for ET and AET operations, the WCDMA envelope signal that is detected by the envelope detector is usually small. This signal therefore needs to be amplified that it can be used as the drain bias signal voltage for the RFPA. It is also observed that the drain bias voltage has the same wave shape as the WCDMA envelope signal as desired to give the proper tracking. In this simulation, the drain bias voltage is amplified to give a tracking of 12.7V where the maximum drain bias voltage is 28 V, as shown in Fig. 8 . The maximum drain bias voltage of 28 V is chosen to be consistent with the same fixed drain voltage used for CW measurement of the RFP A. After simulating the WCDMA signal using all the graphs' relations and equations above, the performances of the RFP A for the fixed drain bias at 28V, the ET system and the AET system are summarized m   Table  1 . IEEE-ICSE20 I 6 Proc. 20 I 6, Kuala Lumpur, Malaysia Nevertheless, the AET system achieve a significantly better improvement as compared to the ET system which is about 24% and 25% as compared to the fixed supply when the tracking generator operates at 50% and 70% efficiencies respectively.
From Table 1 , it is also observed that the P AET has lower values as compared to the PET. The reason is that the AC component of the bias signal in the AET system is generated separately by a smaller DC supply while in the ET system; the AC component is generated by a single DC supply as explained earlier. This reduces the P AE T values and therefore improving the overall AET system efficiency. 
IT.
CONCLUSION
At fixed drain supply of 28V, the WCDMA average efficiency of the 25W GaN Class AB RFPA is 45.62%. For the ET and the AET systems, the efficiency of the tracking generator is considered. The efficiencies of the first and second tracking generators are 50% and 70% consecutively. For the ET system, when the tracking generator operates at 50% efficiency, it is observed that there is no improvement in the overall efficiency as compared to fixed supply. However, when the tracking generator operates at 70% efficiency, the ET system achieved about 5% improvements as compared to fixed supply. Although the improvement is significant, this shows that the ET system depends on the efficiency performance of the tracking generator in order to give an overall efficiency improvement as compared to fixed supply.
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The result of this simulation demonstrates that the AET system has less dependency on the design of the tracking generator as compared to ET system. The requirement of the tracking generator can also be relaxed. Even when the tracking generator operates at 50% efficiency, the efficiency of the overall AET system still provides significant improvement.
